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1 Introduction

During November and December 2006, an e-mail discussion on downlink packet forwarding and re-ordering at inter-eNB handover took place over the RAN2 e-mail reflector. The discussion is summarized in ‎[1].

This contribution expresses our view on the topics dealt within the e-mail discussion. The subjects include:
· Need for reordering above RLC during non-mobility

· Re-ordering above RLC at times of inter-eNB mobility

· What RLC SDUs to forward at times of inter-eNB mobility. 

· How should status information be transferred from the UE to the NW at times of inter-eNB mobility. 

An appendix includes a text proposal for TS 36.300. 
2 Discussion 
2.1 Re-ordering at times of mobility 

The e-mail discussion indicates a large consensus on the need to support in-sequence delivery at times of mobility. Two proposals for how to achieve this in-sequence delivery are listed in the email summary: 

1. Re-ordering in the target eNB, where the re-ordering is based on S1 and X2 sequence numbers. 

2. Re-ordering in the UE, where the re-ordering is based on PDCP sequence numbers. 

Of these two solutions, we favor re-ordering in the UE due to the following reasons: 

The X2 interface, over which the forwarded SDUs are carried, may occasionally be subject to longer delays compared to the S1 interface. In such cases, “older” packets over X2 may arrive later than those transmitted over the S1 interface after the UPE path switch. Strict in-sequence transmission according to the first solution then requires that SDUs received over S1 are buffered to ensure that all SDUs over X2 can be transmitted first. Depending on the buffering time of “S1 SDUs” in the Source eNode B, this may result in 
· Discontinuous transmission, and/or

· Losses of late “X2 SDUs”. 

Re-ordering in the UE based on PDCP sequence numbers does not suffer from these drawbacks, because the transmission can continue with any SDU available in the target eNB. PDCP ensures that packets are delivered in-sequence to upper layers. 

Conclusion 1: We propose that RAN2 defines a re-ordering function at the UE PDCP that can be activated at least during inter-eNB mobility. 
We also note the current agreement in ‎[2] states that the target eNB shall prioritize forwarded SDUs.

2.2 Non-mobility 

The S1 interface is a regular GTP-U tunnel over IP and re-ordering over the S1 interface should typically be minor given that the operator develops a well managed transport network. Thus, we see no reason to have specific methods to address any re-ordering that occurs on the S1 GTP-U tunnel. Furthermore, ciphering and  RoHC (especially modern versions of RoHC) can sustain certain level of re-ordering.
If some deployments of LTE result in significant re-ordering over S1, we think that this could be solved e.g. by a re-ordering function based on the optional sequence numbers in the GTP-U protocol. This is outside the RAN2 scope, however.  

Another option is to use PDCP re-ordering also for non-mobile UEs. However, having a continuously active re-ordering function to cater for S1 reordering during non-mobility could result in unwanted an unnecessary delays for packets lost due to congestion. On the other hand, activating PDCP re-ordering only during mobility may also incur some technical issues/complexities, and it may be simpler in the end to have PDCP re-ordering always active. 

Conclusion 2: No specific RAN2 protocol support for re-ordering at non-mobility is needed from performance aspects. 

2.3 What to forward

The current agreement in ‎[2] is to forward SDUs “cumulatively”, i.e. all RLC SDU’s following (and including) the first RLC SDU that is carried by non-acknowledged RLC PDUs. “Selective” forwarding of only those SDUs that have not been acknowledged is FFS. The “selective” approach has the potential to be more efficient since fully acknowledged SDUs are never forwarded.  
While we believe the efficiency difference of these two approaches is minor, we find it acceptable to agree on the selective approach, as the complexity difference also appears to be minor.  

Conclusion 3: We propose that RAN2 agrees on selective forwarding of un-acknowledged SDUs. 
2.4 Status reporting at times of mobility

The e-mail discussion seemed to indicate in general two approaches on status reporting at times of mobility.
1. Solely using status reports (RLC and possibly HARQ) that were transferred to the source eNB before handover.
2. Having UEs send status reports to the target eNB after handover.
For the first approach, all un-acknowledged SDUs are forwarded to the target eNB and retransmitted to the target eNB, and the status information is based on RLC status reports and possibly HARQ feedback information. Here, if eNB polls the UE between the time it has decided to handover the UE to another eNB and the time it sends a HO command to the UE, the eNB can obtain up-to-date status information before the handover. However, only utilizing this approach may lead to increased U-plane interruption time. As possible mechanisms to reduce this interruption time, RLC status reporting triggered by HO command (with increased HO delay) or HARQ feedback information (with less reliability) can be used. Nevertheless, we believe that it is possible to obtain good handover performance with this approach.
For the second approach, it has been suggested that the UE should send an RLC SDU status report to the target eNB after the handover. The benefit of this proposal appears to assume that the source eNB has not forwarded the correct SDUs based on the mechanisms described above. However, we believe that with the above mentioned mechanisms (for the first approach), the eNB can obtain up-to-date status information. We therefore believe that such a status report after the handover provides a limited gain.  
Conclusion 4: Status reporting at times of mobility is based on RLC status reports and possibly HARQ feedback information. No RLC SDU status reporting mechanism after handover is needed. 
3 Conclusion

The present contribution proposes that RAN2 agrees on the following conclusions as the outcome of the mail discussion on DL re-ordering at times of handover: 
Conclusion 1: A re-ordering function at the UE PDCP that can be activated at least during inter-eNB mobility should be supported.
Conclusion 2: No specific RAN2 protocol support for re-ordering above RLC at non-mobility is needed from performance aspects.
Conclusion 3: Selective forwarding of un-acknowledged SDUs should be supported. 
Conclusion 4: Status reporting at times of mobility is based on RLC status reports and possibly HARQ feedback information. No RLC SDU status reporting mechanism after handover is needed. 
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Appendix: Text proposal

---- First text proposal ----

6.3.1
Services and Functions

The main services and functions of the PDCP sublayer include:

-
Header compression and decompression: ROHC only;

-
Transfer of user data: transmission of user data means that PDCP receives PDCP SDU from the NAS and forwards it to the RLC layer and vice versa;
-
Reordering of the downlink RLC SDUs at least during inter-eNB mobility;
-
In-sequence delivery of upper layer PDUs at HO in the uplink (FFS);

-
Ciphering of user plane data and control plane data (NAS Signalling);

-
Integrity protection of control plane data (NAS signalling);-
Integrity protection of user plane data is FFS.
NOTE:
The UP and CP PDCP entities are located in the UPE and MME, respectively.

NOTE:
When compared to UTRAN, the lossless DL RLC PDU size change is not required.

---- Second text proposal ----

10.1.2.3
Data forwarding

Upon handover, the source eNB forwards all downlink RLC SDUs that have not been fully acknowledged by the UE to the target eNB. The decision of which SDUs to forward can be based on either RLC status reports or HARQ feedback information depending on the eNode B implementation. The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits and prioritize all downlink RLC SDUs forwarded by the source eNB as soon as it obtains them. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. 
Re-ordering of downlink RLC SDUs during handover is supported by the re-ordering function at the UE PDCP layer and can be activated at least during inter-eNB mobility. 
Upon handover, the source eNB forwards all successfully received uplink RLC SDUs to the UPE and discards any remaining uplink RLC PDUs. The UE re-transmits the uplink RLC SDUs that have not been successfully received by the source eNB. Correspondingly, the source eNB neither forwards uplink RLC SDUs nor the uplink RLC context to the target eNB. If needed, the PDCP within UPE may support re-ordering of uplink RLC SDUs during handover (operator control).
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